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(57) ABSTRACT 

An X-ray diagnostic apparatus includes an X-ray tube for 
irradiating a subject With X-rays, a rectangular planar type 
X-ray detector formed by arraying a plurality of solid-state 
detection elements, a supporting mechanism for supporting 
the X-ray tube and the planar type X-ray detector in arbitrary 
postures With respect to the subject, and a suspending 
mechanism for suspending the planar type X-ray detector 
from the supporting mechanism. The suspending mecha 
nism has a rotating mechanism for rotating the planar type 
X-ray detector through an arbitrary angle about a central 
path of the X-rays. When necessary, the planar type X-ray 
detector is rotated about the central path of the X-rays so as 
to be very close to the subject. When necessary, the planar 
type X-ray detector is rotated, so that the longitudinal 
direction of the subject on the image and the vertical 
direction of the screen can coincide With each other. 

18 Claims, 13 Drawing Sheets 
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X-RAY DIAGNOSTIC APPARATUS 

BACKGROUND OF THE INVENTION 

The present invention relates to an X-ray diagnostic appa 
ratus in Which the imaging angle With respect to a subject 
has a high degree of freedom and Which is suitable for 
inspecting a circulatory organ. 
A conventional X-ray image diagnostic apparatus, par 

ticularly a circulatory organ X-ray image diagnostic appa 
ratus that can be used during operation using a catheter or 
the like, is elaborated in various manners to ensure a 
sufficiently large operation space for the operator While 
increasing the degree of freedom of the imaging posture 
With respect to the subject. For example, a C arm is 
supported to be rotatable about three orthogonal rotating 
shafts and slidable along rails set on the ceiling or ?oor 
surface. 

FIG. 1 is a perspective vieW of the gantry of a conven 
tional X-ray diagnostic apparatus. An X-ray tube 150 and an 
X-ray detection system are supported by a C-shaped (or 
U-shaped) arm 152 to oppose each other through a bed 156. 
The arm 152 can slide along an arm holder 153 (arroW A). 
The arm holder 153 is tiltably held by a holder pillar 154 
(arroW B). The holder pillar 154 is rotatably attached to a 
ceiling base 157 (arroW C). The ceiling base 157 can slide 
on the ceiling along rails (arroWs D and These composite 
motions A to F increase the degree of freedom of the 
postures of the X-ray tube 150 and the X-ray detection 
system With respect to a subject P. The mainstream X-ray 
detection system is a combination of an image intensi?er 
(LI) 151 and TV camera 155. A moving mechanism is 
provided to move the X-ray detection system close to/aWay 
from the subject P (arroW A o rotating mechanism is 
provided in order to mechanically rotate the TV camera 155 
by an angle corresponding to a rotation C of the arm 152, so 
that the longitudinal direction of the subject P and the 
vertical direction of the display screen coincide With each 
other. 

The H. 151 and TV camera 155 are heavy and large in 
siZe. Accordingly, the gantry becomes large in siZe. In recent 
years, a lightWeight, compact planar type X-ray detector has 
been developed to replace the X-ray detection system com 
prised of the II. 151 and TV camera 155. This planar type 
X-ray detection system is comprised of a phosphor ?lm and 
a solid-state detection element array arranged behind the 
phosphor ?lm, converting optical signals into electrical 
signals. The system may be comprised of a solid-state 
detection element array directly converting X-ray signals 
into electrical signals. The solid-state detection element 
array is comprised of a plurality of photoelectric conversion 
elements, a plurality of charge storing diodes for storing 
charges generated by the photoelectric conversion elements, 
and a plurality of charge read ?eld effect transistors (FETs). 
X-rays are converted into light by the phosphor ?lm. 
Charges in an amount corresponding to the intensity of the 
light are generated by the photoelectric conversion elements. 
The charges are stored in the charge storing diodes and are 
read out as imaging signals through the FETs. 

The closer the planar type X-ray detector is to the subject 
P, the higher the image quality. The planar type X-ray 
detector has a rectangular shape, and depending on its 
posture, its corner may abut against the subject P. In this 
case, the planar type X-ray detector cannot be moved further 
closer to the subject P. 

BRIEF SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an X-ray 
diagnostic apparatus in Which a planar type X-ray detector 
can be moved very close to the subject. 
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2 
In order to achieve the above object, according to the 

present invention, there is provided an X-ray diagnostic 
apparatus comprising: an X-ray tube con?gured to irradiate 
a subject With X-rays; a rectangular planar type X-ray 
detector formed by arraying a plurality of solid-state detec 
tion elements; a supporting mechanism con?gured to sup 
port the X-ray tube and the planar type X-ray detector in 
arbitrary postures With respect to the subject; and a suspend 
ing mechanism con?gured to suspend the planar type X-ray 
detector from the supporting mechanism, the suspending 
mechanism having a rotating mechanism for rotating the 
planar type X-ray detector through an arbitrary angle about 
a central path of the X-rays. When necessary, the planar type 
X-ray detector can be rotated so as to be very close to the 
subject. When necessary, the planar type X-ray detector is 
rotated, so that the longitudinal direction of the subject on 
the image and the vertical direction of the screen can 
coincide With each other. 

There is also provided an X-ray diagnostic apparatus 
comprising: an X-ray tube con?gured to irradiate a subject 
With X-rays; a rectangular planar type X-ray detector formed 
by arraying a plurality of solid-state detection elements; a 
supporting mechanism con?gured to support the X-ray tube 
and the planar type X-ray detector in arbitrary postures With 
respect to the subject; and a suspending mechanism con?g 
ured to suspend the planar type X-ray detector from the 
supporting mechanism, the suspending mechanism having a 
tilt mechanism for tilting the planar type X-ray detector by 
an arbitrary angle about a central path of the X-rays. When 
necessary, the planar type X-ray detector can be tilted so as 
to be very close to the subject. 

There is also provided an X-ray diagnostic apparatus 
comprising: an X-ray tube con?gured to irradiate a subject 
With X-rays; a rectangular planar type X-ray detector formed 
by arraying a plurality of solid-state detection elements; a 
supporting mechanism con?gured to support the X-ray tube 
and the planar type X-ray detector in arbitrary postures With 
respect to the subject; and a suspending mechanism con?g 
ured to suspend the planar type X-ray detector from the 
supporting mechanism, the suspending mechanism having a 
mechanism for moving the planar type X-ray detector close 
to/aWay from the subject. When necessary, the planar type 
X-ray detector can be moved close to/aWay from the subject 
so as to be very close to the subject. 

Additional objects and advantages of the invention Will be 
set forth in the description Which folloWs, and in part Will be 
obvious from the description, or may be learned by practice 
of the invention. The objects and advantages of the invention 
may be realiZed and obtained by means of the instrumen 
talities and combinations particularly pointed out hereinaf 
ter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

The accompanying draWings, Which are incorporated in 
and constitute a part of the speci?cation, illustrate presently 
preferred embodiments of the invention, and together With 
the general description given above and the detailed descrip 
tion of the preferred embodiments given beloW, serve to 
explain the principles of the invention. 

FIG. 1 is a perspective vieW of the gantry of a conven 
tional circulatory system X-ray diagnostic apparatus; 

FIG. 2 is a perspective vieW of the gantry of a circulatory 
system X-ray diagnostic apparatus according to an embodi 
ment of the present invention; 

FIG. 3 is an enlarged vieW of the connecting portion of a 
suspension mechanism 55 and planar type X-ray detector 51 
of FIG. 2; 
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FIG. 4 is a vieW showing the internal structure of a 
rotating mechanism in the suspension mechanism 55 of FIG. 
2; 

FIG. 5 is a vieW shoWing the internal structure of another 
rotating mechanism in the suspension mechanism 55 of FIG. 
2; 

FIG. 6 is a vieW shoWing the internal structure of a tilt 
mechanism 63 in the suspension mechanism 55 of FIG. 3; 

FIG. 7 is a plan vieW of a spheroidal rotor 64 and 
ultrasonic transducers 65 constituting the tilt mechanism 63 
of FIG. 6; 

FIG. 8 is a block diagram shoWing the control system of 
the suspension mechanism 55 of FIG. 3; 

FIG. 9 is a vieW shoWing the procedure of the rotating 
operation of a planar type X-ray detector; 

FIG. 10 is a block diagram of the image processing unit 
of FIG. 8; 

FIG. 11 is a perspective vieW shoWing a side approach of 
this embodiment; 

FIG. 12 is a side vieW of FIG. 11; 

FIG. 13 is a perspective vieW shoWing a side approach 
accompanying a tilt of this embodiment; 

FIG. 14 is a vieW shoWing distortion correction done by 
the af?ne transformation section 26 of FIG. 10; 

FIG. 15 is a block diagram shoWing a collimator control 
ler 33 of this embodiment; 

FIG. 16 is a vieW shoWing the display region of a display 
from Which images subjected to rotation by the affine 
transformation section 26 of FIG. 10 are removed; 

FIG. 17 is a plan vieW of the collimator plates of the 
collimator 59 of FIG. 15; 

FIG. 18 is a plan vieW of other collimator plates of the 
collimator 59 of FIG. 15; 

FIG. 19 is a vieW shoWing a case Wherein a reduction ratio 
concerning reduction performed by the af?ne transformation 
section 26 of FIG. 10 is numerically expressed; 

FIG. 20 is a vieW shoWing a case Wherein the reduction 
ratio of FIG. 19 is expressed by a scale; 

FIG. 21 is a vieW shoWing enlargement of the scale of 
FIG. 20 that accompanies a change in reduction ratio; and 

FIG. 22 is a block diagram shoWing a case of this 
embodiment Wherein an image is rotated With respect to the 
display region of the display by only image processing. 

DETAILED DESCRIPTION OF THE 
INVENTION 

An X-ray diagnostic apparatus according to a preferred 
embodiment of the present invention Will be described With 
reference to the accompanying draWings. 

FIG. 2 is a perspective vieW of the gantry of an X-ray 
diagnostic apparatus according to an embodiment of the 
present invention. An X-ray tube 50 is mounted on the loWer 
end of an arcuate arm 52. Acollimator 59 having a variable 
shape aperture is attached to the X-ray radiation WindoW of 
the X-ray tube 50. The arcuate arm 52 is constructed of a C 
or U-shaped member. In this embodiment, a description Will 
be made for a C-shaped arm 52. A square or rectangular 
planar type X-ray detector 51 is supported on the upper end 
of the C-shaped arm 52 through a rod-like suspension 
mechanism 55. The planar type X-ray detector 51 opposes 
the X-ray tube 50 through a bed 56. The suspension mecha 
nism 55 is connected to the center of the planar type X-ray 
detector 51. 
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The planar type X-ray detector 51 is comprised of a 

phosphor ?lm for converting X-rays into light, and a plu 
rality of solid-state detection elements arrayed on the rear 
surface of the phosphor ?lm. Each solid-state detection 
element is comprised of a photoelectric conversion element 
for generating charges in an amount corresponding to the 
light intensity, a charge storing diode for storing the charges 
generated by the photoelectric conversion element, and a 
?eld effect transistor (FET) for reading the stored charges as 
an imaging signal. 
A noncontact sensor 58 is attached to each of the four 

corners of the planar type X-ray detector 51. When either 
one of the four corners of the planar type X-ray detector 51 
moves close to a subject P by a predetermined distance or 
more, that is, immediately before it comes into contact With 
the subject P, the corresponding noncontact sensor 58 senses 
this proximity movement. When the proximity movement is 
sensed, the motion of the planar type X-ray detector 51 is 
limited. This Will be described later in detail. 

The C-shaped arm 52 is supported by an arm holder 53 to 
be slidable along an arroW A. The arm holder 53 is supported 
by a holder pillar 54 to be tiltable along an arroW B. The 
holder pillar 54 is attached to a ceiling base 57 to be rotatable 
along an arroW C. The ceiling base 57 is attached to ceiling 
rails to be slidable along arroWs D and E. 

FIG. 3 is an enlarged vieW of the connecting portion of the 
suspension mechanism 55 and planar type X-ray detector 51 
of FIG. 1. The suspension mechanism 55 has a stretching/ 
contracting mechanism, a rotating mechanism, and a tilt 
mechanism 63. The stretching/contracting mechanism 
moves the planar type X-ray detector 51 close to/aWay from 
the subject P (arroW The rotating mechanism rotates the 
planar type X-ray detector 51 about the central path of the 
X-rays (arroW G). The tilt mechanism 63 tilts the planar type 
X-ray detector 51 With respect to the central path of the 
X-rays (arroW In the stretching/contracting mechanism, 
an upper arm 61 is slidably inserted in a sheath pipe 60 
mounted on the upper end of the C-shaped arm 52. In the 
rotating mechanism, a loWer arm 62 is connected to the 
upper arm 61 to be axially rotatable. 

A handle 14 is attached to the side surface of the planar 
type X-ray detector 51. With the handle 14, the planar type 
X-ray detector 51 can be manually moved conveniently. The 
handle 14 has a lock release sWitch 15. When the manual 
sWitch (lock release sWitch) 15 is pressed, all locks con 
cerning motions (F, G, and H) of the planar type X-ray 
detector 51 are released, and the planar type X-ray detector 
51 is free to move. Hence, the operator can move the planar 
type X-ray detector 51 freely. 

FIG. 4 is a longitudinal sectional vieW of the connecting 
portion betWeen the upper and loWer arms 61 and 62. In the 
rotating mechanism, the upper and loWer arms 61 and 62 are 
connected to each other through bearings 4. Rotation of the 
loWer arm 62 With respect to the upper arm 61 is limited 
Within a rotational range of 145°. A sprocket 7 is connected 
to the driving shaft of an actuator 71, e.g., a motor, mounted 
on the inner Wall of the upper arm 61 through a solenoid 
clutch 6. The sprocket 7 meshes With a gear 8 formed on the 
inner surface of the loWer arm 62. Asprocket 9 meshes With 
the gear 8. The rotating shaft of a position sensor 81, e.g., a 
rotary encoder, is connected to the rotating shaft of the 
sprocket 9. 
When the solenoid clutch 6 is disconnected, the loWer arm 

62 is free to rotate manually. When the solenoid clutch 6 is 
connected, rotation of the loWer arm 62 is locked, and the 
loWer arm 62 cannot be rotated manually. When the solenoid 
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clutch 6 is connected and the actuator 71 is driven, the 
sprocket 7 rotates to axially rotate the loWer arm 62. When 
the loWer arm 62 rotates, the rotating shaft of the position 
sensor 81 rotates. Hence, the rotation angle of the loWer arm 
62 is detected. Exchange of electrical signals betWeen the 
upper and loWer arms 61 and 62 is realiZed by a slip ring 13, 
or a cable having such a suf?cient length that it is not 
disconnected even When it is tWisted by a rotation of 145°. 
A holloW direct drive motor 12 incorporating a rotation 
holding bearing and a position sensor may be alternatively 
used as a driving source. 

FIGS. 6 and 7 shoW the internal structure of the tilt 
mechanism 63. As the actuator of the tilt mechanism 63, an 
ultrasonic motor is employed. The planar type X-ray detec 
tor 51 is connected to a spheroidal rotor 64 held at the loWer 
end of the loWer arm 62 in a free state. The planar type X-ray 
detector 51 can move freely about the rotor 64 as the center. 
Three ultrasonic transducers 65 are discretely arranged 
around the rotor 64. When the ultrasonic transducers 65 
vibrate, they cause friction With the rotor 64, so as to rotate 
the rotor 64 in directions unique to the respective ultrasonic 
transducers 65. By combining the driving operation of the 
three ultrasonic transducers 65, the rotor 64 can be rotated 
in an arbitrary direction. When the rotor 64 rotates, the 
planar type X-ray detector 51 connected to it is tilted in a 
direction corresponding to the rotating direction of the rotor 
64, by an angle corresponding to the rotation angle of the 
rotor 64, With respect to the central aXis of the X-rays (arroW 

FIG. 8 shoWs the control system of the suspension mecha 
nism 55 of FIG. 3. FIG. 9 shoWs the procedure of the 
rotating operation of the planar type X-ray detector 51. An 
actuator 70 is provided as a driving source to the stretching/ 
contracting mechanism, in the same manner as in the actua 
tor 71 of the rotating mechanism and an actuator 72 of the 
tilt mechanism. The tilt mechanism, the rotating mechanism, 
and the stretching/contracting mechanism are respectively 
provided With the solenoid clutch 6 and solenoid clutches 83 
and 84 each serving also as a lock mechanism, and a position 
sensor 80, the position sensor 81, and a position sensor 82 
for detecting the tilt angle, the rotation angle, and the slide 
amount. The operations of the actuators 70 to 72, and of the 
solenoid clutches 6, 83, and 84 are controlled by a detector 
positioning controller 86. The detector positioning controller 
86 receives outputs from the position sensors 80, 81, and 82 
as Well as an output from the noncontact sensors 58 and 
outputs from position sensors 73 to 77 for detecting the tilt 
angle, the rotation angle, the slide amount, and the like of the 
C-shaped arm 52. 

The detector positioning controller 86 also receives an 
output from the manual sWitch 15. When the manual sWitch 
15 is pressed (SP1), the detector positioning controller 86 
performs a control operation to disconnect the solenoid 
clutches 6, 83, and 84. Hence, all the locks concerning the 
motions (F, G, and H) of the planar type X-ray detector 51 
are released. The planar type X-ray detector 51 is set free to 
move along the arroWs F, G, and H, so that the operator can 
manually move it freely (mode 1). At this time, When the 
noncontact sensor 58 on either one of the four corners of the 
planar type X-ray detector 51 senses that this corner has 
moved close to the subject P by a predetermined distance or 
more, the detector positioning controller 86 connects the 
solenoid clutches 6, 83, and 84. This locks all motions of the 
planar type X-ray detector 51 to avoid any corner of the 
planar type X-ray detector 51 from abutting against the 
subject P. When all motions of the planar type X-ray detector 
51 are locked, the actuators 70 to 72 may be controlled 
simultaneously to forcibly return the planar type X-ray 
detector 51. 
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The detector positioning controller 86 is connected to a 

table side console 84 for electric poWer operation (mode 2) 
and a remote console 85. Each of the table side console 84 
and remote console 85 has three sWitches corresponding to 
the motions F, G, and H of the planar type X-ray detector 51. 
When the three sWitches of either the table side console 84 
or remote console 85 are operated by the operator (SP2), the 
detector positioning controller 86 performs a control opera 
tion to drive the actuators 70 to 72, so that the planar type 
X-ray detector 51 performs an arbitrary one of the motions 
F, G, and H for an arbitrary amount With an electric poWer 
(ST1). At this time, When the noncontact sensor 58 at either 
one of the four corners of the planar type X-ray detector 51 
detects that this corner has moved close to the subject P by 
a predetermined distance or more, the detector positioning 
controller 86 forcibly stops the driving operations of the 
actuators 70 to 72 to stop motion of the planar type X-ray 
detector 51. This avoids any corner of the planar type X-ray 
detector 51 from abutting against the subject P. Similarly, the 
actuators 70 to 72 may be controlled to forcibly return the 
planar type X-ray detector 51. 

The detector positioning controller 86 is connected to an 
auto positioning memory 78. The positioning memory 78 
stores tWo types of auto positioning data (SP4) individually 
related to the various postures (motions A to E) of the 
C-shaped arm 52 in advance. The ?rst auto positioning data 
contains information concerning positions F to H of the 
planar type X-ray detector 51 to avoid any corner of the 
planar type X-ray detector 51 from abutting against the 
subject P When the C-shaped arm 52 is set in a certain 
posture. While the posture of the C-shaped arm 52 is being 
changed (SP3), the detector positioning controller 86 detects 
the posture of the C-shaped arm 52 from the position sensors 
73 to 77 (ST3). The detector positioning controller 86 reads 
out the ?rst positioning data related to the posture of the 
C-shaped arm 52 from the positioning memory 78, and 
controls the actuators 70 to 72 in accordance With the 
readout ?rst auto positioning data. Thus, the planar type 
X-ray detector 51 is rotated appropriately (G), is tilted (H), 
and is slid so that any of its corners automatically 
escapes from the subject P (modes 3—1). 
The second auto positioning data contains information 

concerning the rotation angle of rotation (G) of the planar 
type X-ray detector 51 Which is necessary for aligning the 
longitudinal direction of the subject P in an image imaged by 
the planar type X-ray detector 51 With the vertical direction 
of the image of a display 89 When the C-shaped arm 52 is 
set in a certain posture. While the posture of the C-shaped 
arm 52 is being changed (SP3), the detector positioning 
controller 86 detects the posture of the C-shaped arm 52 
from the position sensors 73 to 77 (ST3). The detector 
positioning controller 86 reads the second positioning data 
related to the posture of the C-shaped arm 52 out of the 
positioning memory 78, and controls the actuator 71 in 
accordance With the readout second auto positioning data. 
Thus, the planar type X-ray detector 51 is rotated appropri 
ately (G), and an image obtained by the planar type X-ray 
detector 51 is displayed on the display 89 With the longitu 
dinal direction of its subject P being aligned With the vertical 
direction of the screen of the display 89 (modes 3—2). 
The above four modes can be arbitrarily selected by 

operating the corresponding sWitches of the consoles 84 and 
85. 
The function of aligning the longitudinal direction of the 

subject P in the image With the vertical direction of the 
screen of the display 89 can be realiZed not only by rotation 
of the planar type X-ray detector 51 but also by image 
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processing (image rotation). This image processing Will be 
described below. 

FIG. 10 is a block diagram of an image processing unit 88 
of FIG. 8. The image processing unit 88 receives an image 
signal from the planar type X-ray detector 51. The image 
processing unit 88 has an A/D converter 21, D/A converter 
24, image memory 23, a position memory 22, af?ne trans 
formation section 26, brightness conversion section 27, edge 
enhancement section 28, and nonlinear processing section 
29. The A/D converter 21 converts the image signal into a 
digital signal. The D/A converter 24 converts the processed 
image into an analog signal. The image memory 23 stores 
image data. The position memory 22 stores posture data of 
the C-shaped arm 52 supplied from the detector positioning 
controller 86 and the posture data of the planar type X-ray 
detector 51. The affine transformation section 26 transforms 
the image by affine transformation such as enlargement, 
reduction, and rotation. The brightness conversion section 
27 converts the brightness of the image. The edge enhance 
ment section 28 enhances the outline of an internal organ or 
the like in the image. The nonlinear processing section 29 
corrects distortion of the image. The position memory 22 
also stores the patient’s name, the patient’s ID number, the 
date of imaging, and the imaging conditions such as the 
imaging mode (the siZe of the ?eld of vieW of the detector), 
the tube voltage, the tube current, and the pulse Width. 
Assume that, When the arm 52 is set in a side approach 

state With respect to the subject P, the longitudinal direction 
of the subject P on the image is aligned With the vertical 
direction of the display 89, as shoWn in FIGS. 11 and 12. 
This state is de?ned as the reference. 
From this reference state, When the C-shaped arm 52 is 

rotated through 45° (arroW C) and is tilted by 45° (arroW B), 
the longitudinal direction of the subject P on the image is 
undesirably tilted from the vertical direction of the display 
89 by 45° in response to the rotation C of the C-shaped arm 
52. At this time, the affine transformation section 26 per 
forms image processing corresponding to a motion of 
inversely rotating it through substantially 45° With respect to 
the rotation angle of 45° of the rotation C of the C-shaped 
arm 52 (ST4 and ST5 of FIG. 9). Hence, the longitudinal 
direction of the subject P on the image is aligned With the 
vertical direction of the display 89. 
A general equation of this af?ne processing is: 

KHZ El 
Note that (X, y) represents coordinates before conversion, 

(X, Y) represents coordinates after conversion, A, B, C, and 
D are conversion coef?cients concerning rotation 
(enlargement or reduction), and E and F are conversion 
coef?cients With Which translational motion is performed. 
Transformation of equation (1) to apply it to a case Wherein 
the image is rotated by a rotation angle 6 yields: 

E 
+ 

F 

(1) 
y 

X A B 0050 —sin0 x E (2) 
= + [Y] [C DjjsinG c050] y F 

A’ B’ x E 
= + 

C’ D’ y F 

When the planar type X-ray detector 51 is tilted, the X-ray 
enlargement ratio becomes nonuniform Within the detection 
plane of the planar type X-ray detector 51 in accordance 
With a change in distance from the focal point of the X-ray 
tube 50. Therefore, the image distorts as shoWn in the left 
side of FIG. 14. In this case, as shoWn in the right side of 
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FIG. 14, in order to solve this distortion, the nonlinear 
processing section 29 subjects the image to a nonlinear 
process to set the X-ray enlargement ratio constant on the 
basis of the direction of tilt and the tilt angle of the planar 
type X-ray detector 51. 
The How of the inspection process With the arrangement 

of this embodiment Will be described. The operator sets the 
arm 52 in such a position and direction that the target portion 
of the subject P can be observed easily. This posture is output 
from the position sensors 73 to 77. The detector positioning 
controller 86 rotates the planar type X-ray detector 51 in 
accordance With the second auto positioning data related to 
the posture read from the position sensors 73 to 77. In this 
rotation, When rotation of the planar type X-ray detector 51 
is stopped midWay in accordance With the outputs from the 
noncontact sensors 58, a message indicating that rotation of 
the planar type X-ray detector 51 does not reach the rotation 
angle represented by the second auto positioning data is 
displayed. Upon reception of this message, the operator 
manually and additionally rotates adds rotation of the planar 
type X-ray detector 51. When rotation of the planar type 
X-ray detector 51 reaches the rotation angle represented by 
the second auto positioning data, this fact is displayed. 

After the postures of the C-shaped arm 52 and planar type 
X-ray detector 51 are set in this manner, imaging is per 
formed With the preset X-ray conditions. The obtained 
image is converted by the A/D converter 21 into digital 
signals. The converted image data is distortion-corrected by 
the nonlinear processing section 29, and is stored once in the 
image memory 23 comprising a hard disk and RAID. An 
image distortion is corrected on the basis of the rotation 
angle of the planar type X-ray detector 51 obtained from the 
imaging condition memory 22. The corrected image is 
subjected to affine transformation by the affine transforma 
tion section 26, edge enhancement transformation by the 
edge enhancement section 28, density (density gradation) 
conversion by the brightness conversion section 27, and the 
like, if necessary, is then converted into analog signals by the 
D/A converter 24, and the image is displayed on the display 
89. 
As described above, When the image is rotated such that 

the longitudinal direction of the subject P on the image is 
aligned With the vertical direction of the display 89, portions 
41a of the image eXtend outside a display region 40, as 
shoWn in FIG. 16. These eXcluded portions 41a are not 
displayed, and only a central portion 41b other than the 
eXcluded portions 41a is displayed. X-rays corresponding to 
the portions 41a cause unnecessary exposure. In order to 
shield these portions, a collimator controller 33 in FIG. 15 
controls a collimator 59 to form an aperture in it. 
The How of inspection process With this arrangement Will 

be described. The operator sets the arm 52 in such a posture 
that the target portion can be observed easily. The preset 
posture is detected by the position sensors 73 to 77. The 
detector positioning controller 86 rotates the planar type 
X-ray detector 51 on the basis of the detected posture. When 
the longitudinal direction of the subject P and the vertical 
direction of the display are misaligned from C each other 
due to this rotation, the image is rotated. In this case, the 
rotation angle 6 through Which the image is rotated in this 
image processing is stored. The collimator controller 33 
changes the shape of the aperture of the collimator 59 so that 
regions corresponding to the portions 41a excluded from the 
display region 40 are not irradiated With the X-rays. 

FIG. 17 shoWs the arrangement of the collimator plates of 
the collimator 59. In the collimator 59, a plurality of 
collimator plates 37a are provided to be radially movable 
about the X-ray aXis as the center. In the case of FIG. 17, a 
total of eight collimator plates 37a are provided. When the 
image is rotated by image processing, the collimator con 
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troller 33 moves the respective collimator plates 37a on the 
basis of the rotation angle 6 to shield portions corresponding 
to the portions 41a that are not displayed. This avoids 
unnecessary exposure. The collimator 59 may be formed by 
combining holloW square collimator plates 38a and 38b, as 
shoWn in FIG. 18. The collimator controller 33 rotates only 
one collimator plate 38b in the same direction and through 
the same angle as in rotation of the rotation angle 6 done by 
image processing. 

To eliminate the portions 41a that are not displayed, When 
the image is rotated, it is sometimes reduced simultaneously. 
In this case, the degree of reduction is displayed in character 
or numeric indication 43 as a reduction ratio indeX on the 
display region 40, as shoWn in FIG. 19, so that it can be 
recogniZed easily. Alternatively, as shoWn in FIGS. 20 and 
21, a scale bar 44 indicating the reference length of the 
reduction ratio indeX is displayed simultaneously. The scale 
bar 44 stretches or contracts in accordance With the reduc 
tion ratio. Alternatively, the image may not be reduced or the 
display region may not be enlarged in this manner, but a 
scroll bar (not shoWn) may be displayed on the display 
region 40, and the image itself may be moved such that 
portions eXcluded from the display region 40 can be seen. 

If only the longitudinal direction of the subject P in the 
image need be aligned With the vertical direction of the 
screen, a simple arrangement as shoWn in FIG. 22 suf?ces. 

Additional advantages and modi?cations Will readily 
occur to those skilled in the art. Therefore, the invention in 
its broader aspects is not limited to the speci?c details and 
representative embodiments shoWn and described herein. 
Accordingly, various modi?cations may be made Without 
departing from the spirit or scope of the general inventive 
concept as de?ned by the appended claims and their equiva 
lents. 
What is claimed is: 
1. An X-ray diagnostic apparatus comprising: 
an X-ray tube con?gured to irradiate a subject With 

X-rays; 
a rectangular planar type X-ray detector formed by array 

ing a plurality of solid-state detection elements; 
a supporting mechanism con?gured to support said X-ray 

tube and said planar type X-ray detector in arbitrary 
postures With respect to the subject; 

a suspending mechanism con?gured to suspend said pla 
nar type X-ray detector from said supporting 
mechanism, said suspending mechanism including a 
rotating mechanism for rotating said planar type X-ray 
detector through an arbitrary angle about a central path 
of the X-rays, said rotating mechanism including an 
actuator con?gured to drive said planar type X-ray 
detector to rotate; 

a posture detector con?gured to detect postures of said 
X-ray tube and said planar type X-ray detector With 
respect to the subject; and 

a controller con?gured to control said actuator such that 
a corner of said planar type X-ray detector does not 
abut against the subject, thereby rotating said planar 
type X-ray detector through an angle corresponding to 
the detected posture. 

2. An apparatus according to claim 1, Wherein said 
suspending mechanism has a tilt mechanism con?gured to 
tilt said planar type X-ray detector through an arbitrary angle 
With respect to the central path of the X-rays. 

3. An apparatus according to claim 2, further comprising 
a detector con?gured to detect a tilt angle of said planar type 
X-ray detector With respect to the central aXis of the X-rays, 
and an image processing unit con?gured to correct a distor 
tion in an image obtained by said planar type X-ray detector 
on the basis of the detected tilt angle in accordance With 
nonlinear transformation. 
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4. An apparatus according to claim 1, Wherein said 

suspending mechanism has a mechanism con?gured to 
move said planar type X-ray detector close to/aWay from the 
subject. 

5. An apparatus according to claim 1, Wherein said 
rotating mechanism has locking mechanism con?gured to 
lock rotation of said planar type X-ray detector. 

6. An apparatus according to claim 5, further comprising 
a lock release sWitch provided to a handle of said planar type 
X-ray detector. 

7. An apparatus according to claim 1, further comprising 
an operation sWitch con?gured to operate rotation of said 
planar type X-ray detector With said actuator. 

8. An apparatus according to claim 1, Wherein said 
controller controls said actuator such that a longitudinal 
direction of the subject on an image obtained by said planar 
type X-ray detector and a vertical direction of an image 
display screen substantially coincide With each other, 
thereby rotating said planar type X-ray detector through an 
angle corresponding to the detected posture. 

9. An apparatus according to claim 8, further comprising 
a clutch disconnecting sWitch provided to a handle of said 
planar type X-ray detector. 

10. An apparatus according to claim 1, further comprising 
a clutch function connected to a driving shaft of said 
actuator. 

11. An apparatus according to claim 1, further comprising 
an image processing unit con?gured to rotate an image 
obtained by said planar type X-ray detector on the basis of 
the detected posture such that a longitudinal direction of the 
subject on the image and a vertical direction of an image 
display screen substantially coincide With each other. 

12. An apparatus according to claim 1, further comprising 
an image processing unit con?gured to rotate an image 
obtained by said planar type X-ray detector on the basis of 
the detected posture. 

13. An apparatus according to claim 1, further comprising 
an image processing unit con?gured to reduce an image 
obtained by said planar type X-ray detector or enlarging an 
image display region of a display screen, When the image 
eXtends outside said image display region, so that the image 
is displayed Within said image display region. 

14. An apparatus according to claim 13, Wherein said 
image processing unit has a function of displaying a reduc 
tion ratio of the image or an indeX indicating the reduction 
ratio. 

15. An apparatus according to claim 1, further comprising 
a plurality of noncontact or contact sensors provided to or 
near corners of said planar type X-ray detector, and mecha 
nism con?gured to limit rotation of said planar type X-ray 
detector on the basis of outputs from said proximity sensors. 

16. An apparatus according to claim 1, Wherein said 
suspending mechanism includes a tilt mechanism for tilting 
said planar type X-ray detector by an arbitrary angle about 
a central path of the X-rays. 

17. An apparatus according to claim 1, Wherein said 
suspending mechanism includes a mechanism for moving 
said planar type X-ray detector close to/aWay from the 
subject. 

18. An apparatus according to claim 1, further compris 
ing: 

a collimator unit provided betWeen said X-ray tube and 
the subject, and a controller con?gured to control said 
collimator unit, When part of an image obtained by said 
planar type X-ray detector eXtends outside an image 
display region of a display screen, to shield a region 
corresponding to the part of the image eXtending out 
side said image display region. 

* * * * * 


